This study analyzed the effect of prior application of copaiba oil (CO) emulsions as a dentin cleaning substance on microleakage and microtensile adhesive strength. Twenty-five premolars and sixty-four molars were used for microleakage and microtensile assays. For the microleakage assays, specimens with standard class V cavities were divided (n = 5), according to the tested CO emulsions: CO10%X, CO10%Y, and CO10%Z, as well as chlorhexidine 2% (CHX) and distilled water (DW), as positive and negative controls, respectively. Restorations were performed using the Adper Single Bond® and/or Clearfil SE Bond® systems. Cervical, occlusal, distal and mesial sections were assessed for tracer penetration degree at the composite/tooth interface. For the microtensile assay, healthy molars were divided into sixteen groups, in which artificial caries were induced in half of the groups. Dentin surfaces were treated with CO10%X and CO10%Y, CHX and DW. Microtensile bond strength was measured by fixing each sample to the plate of a universal testing machine operated at a speed of 0.5 mm/minute until failure. Dentin treated with CO10%X showed a lower infiltration rate than dentin treated with the other CO emulsions, CHX2% and DW. According to the microtensile assay, both healthy and affected dentin treated with CO10%X and Adper Single Bond® adhesive system presented higher adhesive strength. CO emulsion, used as a dentin biomodifier, interfered positively in microleakage and improved adhesive strength after acid etching in the Adper Single Bond® adhesive system, or before applying the Clearfil SE Bond® self-etching system.
Introduction
The practice of using medicinal plants for curative treatments of diseases is as old as the human species. Knowledge of the therapeutic properties of these plants has been transmitted through generations, arousing the interest of researchers. In this respect, Brazil has the advantage of having the greatest biodiversity in the world, especially concentrated in the Amazon region. Another positive feature is its genetic heritage of having great potential to develop new herbal products at a low cost, and with effects similar to traditional products. 1 Declaration of Interests: The authors certify that they have no commercial or associative interest that represents a conflict of interest in connection with the manuscript.
The copaiba tree is a common species native to Latin America and West Africa, and can be found in Brazil's Southeast, Midwest and Amazon regions. Copaifera multijuga Hayne oleoresin, popularly known as copaiba oil (CO), is an exudate secreted from the trunk of these trees. CO has antiseptic, anti-inflammatory, antibacterial and antifungal properties, and has been used for over 500 years to treat wounds, as an alternative to other traditional treatments. 2 In dentistry, CO has presented promising results in dentin adhesion of restorative materials to a dental structure. 3 According to Black, 4 dentin cavity cleaning represents the last stage of cavity preparation, and is recommended before insertion of the restorative material. Different agents can be used to remove residues from cavity preparation, such as CO, formulated in an emulsion investigated in a study by Bandeira et al. 3 Currently, composite resin stands out particularly in restorative dentistry, owing to its excellent aesthetic properties. However, composite resin is a polymeric material with the main disadvantage of polymerization contraction. This attribute poses drawbacks, such as microcracks and marginal microleakage, which promote postoperative sensitivity, marginal discoloration, secondary caries, margin breaking restoration and pulpal pathology. 5, 6 Treatment of the dentin surface before application of the adhesive system influences dentin adhesion significantly. 7 Moreover, application of the adhesive system to dentin substrate conditioned by phosphoric acid can activate matrix metalloproteinases (MMPs), and initiate an autolytic phenomenon that will affect the hybrid layer. 8, 9 Since the binding process occurs through collagen encapsulation by the adhesive system, the MMPs must be inhibited in order to preserve the adhesive interface from proteolytic degradation. 10 Introduction of certain solutions into the adhesive interface helps preserve this area, highlighting chlorhexidine (CHX) as the most commonly used substance. 9 CHX may be used as a preventive strategy against collagen fiber degradation. In addition to its disinfecting effect, CHX acts as a MMP inhibitor. 9 In addition, recent studies have indicated CO emulsion as a dentin biomodifier, with potential action to inhibit MMP-2 and MMP-9, thereby improving dentin adhesion to restorative material. 3 CO emulsion can be considered a dentin biomodifying agent. Its antibacterial, antifungal, antineoplastic and antiproteolytic biological properties stand out, and it can be used in deep cavities, unlike currently marketed materials, which are not indicated for such a procedure. Given its broad spectrum of activities, the aim of the present study was to analyze the effect of prior application of CO emulsions as dentin cleaning substances on microleakage and on microtensile adhesive strength. The null hypotheses were: a) marginal microleakage would not be affected by the cleaning substance; b) adhesive strength would not be affected by the cleaning substance, the dentin substrate, or the adhesive system.
Methodology
Following approval of the research protocol by the university ethics committee, eighty-nine extracted human premolars or third molars were collected. The teeth were extracted for orthodontic reasons and were free of any caries, cracks or previous restorations. Twenty-five premolars were used for the microleakage assay, and sixty-four third molars, for the microtensile assay.
Copaiba oil-resin and emulsion formulations
C. multijuga oil-resin was obtained from the National Institute of Amazonian Research (INPA, Amazon, Brazil), along with exsiccatae, a collection of dried specimens deposited in the herbarium of this institution. CO emulsions at 10%, with three different concentrations of the preservative (X, Y and Z) were processed at the School of Dentistry), according to methodology proposed by Bandeira et al. 11 
Microleakage assay
Standard Class V cavities with a mesiodistal width of 3 mm, occlusogingival height of 2 mm, and axial depth of 1.5 mm were prepared on vestibular and lingual surfaces. After etching with 37% phosphoric acid (3M ESPE, St Paul, USA), the specimens were randomly divided into five equal groups (n = 5), according to the CO test emulsions for cleaning the dentin surface, as follows: CO10%X, CO10%Y, and CO10%Z. Chlorhexidine 2% (CHX) and distilled water (DW) were used as positive and negative controls, respectively. Following the manufacturer's guidelines (Table 1) , Adper Single Bond® adhesive system and Filtek® Z350 composite resin were used for cavity restoration. Then, the teeth were polished and immersed in a physiological solution. After completing the restoration, the specimens were incubated at 37°C for 24 h. The teeth were immersed in an aqueous 50% silver nitrate solution (AgNO 3 ) in a dark and closed environment for 2 h. Then, the specimens were placed in a pure developer solution (Eastman-Kodak) under fluorescent light for 16 h to reduce silver ions. The teeth were sectioned with a water-cooled diamond wheel saw (BUEHLER). First, the teeth were sectioned in the mesiodistal direction to obtain buccal and lingual halves together with the restoration. Then, the two halves were sectioned longitudinally through the center of the restoration, resulting in mesial and distal hemi sections. The cervical, occlusal, distal and mesial sections were blindly assessed to determine the penetration degree of the tracer agent, using a stereomicroscope (Carl Zeiss, Oberkochen, Germany) at 20x magnification. Tracer penetration at the composite/tooth interface was scored according to criteria modified by Retief et al. 12 (Table 2) .
Microtensile assay
Sixty-four sound third molars were distributed into 16 groups (n = 4), according to artificial caries or non-caries induction, CO test emulsions for cleaning the dentin surface, and the adhesive systems. The two best CO emulsions -CO10%X and CO10%Y -were used for the microtensile test, in addition to the CHX and DW controls. Two different adhesive systems were used: conventional -Adper Single Bond® 2, and self-etching agent -Clearfil SE Bond. Each tooth was sectioned into 10 beams for measurement of microtensile bond strength, for a total of 40 beams per group. 13, 14 Group distributions and samples were performed according to Table 3 .
The healthy dentin surfaces of groups G1-G8 were produced on the dental occlusal surface by the Politriz polisher (AROTEC), equipped with 320 grit silicon carbide granulation at 500 rpm, under constant water-cooling, until exposure of a flat dentin surface with no remaining enamel. 15 The apices were sealed with composite resin (Filtek® Z350 XT 3M ESPE) after acid etching and application of the conventional adhesive system. Spherical steel drill no. 6 was used in deep rotation on the healthy dentin surface for 30 seconds to produce the smear layer, and the tooth roots were removed using a cutting machine. Groups G9-G16 underwent artificial induction of caries according to the protocol by Sanabe et al. 16 The dentin-infected layer was removed with a dentin curette, taking care to preserve caries-affected dentin, and the smear layer was produced by carbide spherical drill no. 6 in deep rotation for 30 seconds. The drill was replaced by a new one after preparation of every four teeth, and maximum carious dentin removal was established by visual and tactile inspection, using a probe. The roots of the teeth were removed with a cutting machine.
The surface treatment of all the groups was standardized, altering only the test solution applied after acid etching or before primer application, as stipulated for each specific group. A 20 μL aliquot of the test solution was applied to the dentin surface for 60 seconds, followed by removal of excess material with sterile absorbent paper. Adper Single Bond® 2 or Clearfil SE Bond® adhesive agents were then applied according to the manufacturer's guidelines. After completing dental restoration, the specimens were stored in DW and incubated at 37°C for 24 h.
The specimens were adapted individually to the cutting machine for serial sectioning. The teeth were sectioned into slices measuring 1 x 1 mm wide by 8 mm high, by using the low-speed diamond disc of a microtome (Isomet, Buehler Ltd., Bluff, USA), and by positioning the disc perpendicular to the tooth surface. 14 The microtensile bond strength was measured by fixing each slice to the plate of a universal testing machine (Z020, Zwick GmbH & Co. KG, Germany) using cyanoacrylate glue. The load was applied at a crosshead speed of 0.5 mm/minute until failure. The load at failure was recorded in Newtons (N). The interface area of the broken piece was measured by a gauge. The load at failure in Newtons was divided by the enamel/ composite interface area into square millimeters (mm 2 ) to obtain the bond strength in megapascals (MPa). The samples were then inspected under a stereomicroscope (Olympus, SZX9, Iran) at 10x magnification to determine the mode of failure. The fracture pattern was classified into three failure groups, as follows: cohesive -within the tooth structure (dentin or cement), adhesive -within the composite (adhesive interface), and mixed (fracture line with more than one substrate). Pre-maturation fractures were considered as having a "zero" adhesion value.
Statistical analysis
The tooth and beams were considered the experimental unit for the microleakage and microtensile tests, respectively. The sample size for five teeth and 40 beams per group was estimated previously, considering a power higher than 80%, a variation coefficient of 20%, and a statistical significance level preset at 5%. The normal distribution of the data was confirmed by the Kolmogorov-Smirnov test.
The results for tracer penetration at the composite/ tooth interface (microleakage assay) were submitted to one-way ANOVA followed by the Tukey test, and the microtensile results were submitted to Kruskal-Wallis or Mann-Whitney U-tests (p < 0.05), according to the dentin cleaning substance.
Results
The tracer penetrations at the composite/tooth interface, according to the microleakage assay results, are summarized in Table 4 . Dentin treated with CO10%X showed the lowest infiltration rate (p < 0.001), compared with dentin treated with other CO emulsions, and the CHX2% and DW groups of the cervical section. It is noteworthy that the mesial and distal dentin, basically, showed no tracer penetration for any of the CO emulsions tested, or for the CHX2% control group. Although the occlusal dentin presented marginal microleakage for all the dentin cleaning substances, the dentin treated with CO emulsions showed lower infiltration rates, although the difference among the groups was non-statistical.
The results of the microtensile assay, regarding healthy or carious substrate, dentin cleaning substance and adhesive system, are presented in Figure. In regard to the healthy dentin substrate, the adhesive strength was similar for the CO emulsions, and the CHX2% and DW groups, for the same adhesive system. According to the carious dentin groups, dentin treated with CO10%X and CO10%Y presented greater adhesive strength than dentin treated with CHX2% (p < 0.05) when the Adper Single Bond® system was used. On the other hand, carious dentin treated with the Clearfil SE Bond® system showed similar adhesive strength for the CO10%X, CHX2% and DW dentin cleaning groups, but higher than the CO10%Y emulsion group (p < 0.05). In addition, both healthy and carious dentin presented higher adhesive strength for the Adper Single Bond® adhesive system, compared with the Clearfil SE Bond® system (p < 0.05), for all dentin cleaning substances analyzed.
The resulting fracture mode distribution by microtensile test is summarized in Table 5 . The adhesive fracture was the most prevalent, followed by cohesive and mixed fracture, regardless of the dentin substrate, dentin cleaning substance or adhesive system analyzed. In regard to the adhesive fracture, in descending order: a. Healthy dentin with Clearfil SE Bond: CO10%X (100%); CO10%Y (92.5%); DW (92.50%); CHX 2% (80%). Table 4 . Tracer penetration at the composite/tooth interface in the different groups. .05 compared with other dentin cleaning substances, considering the same dentin substrate and adhesive system; Kruskal-Wallis test. CO, copaiba oil emulsion; X, and Y, different preservatives; CHX, chlorhexidine; DW, distilled water; Hthy, healthy dentin; Crs, carious dentin; ASB, Adper Single Bond® 2; CSB, Clearfil SE Bond®.
Figure.
Adhesive strength according to healthy or carious substrate, test substance for dentin cleaning, and adhesive system. b. Carious dentin with Clearfil SE Bond®: CO10%Y (82.5%); CHX 2% (70%); DW (70%); CO10%X (67.5%). c. Healthy Dentin with Adper Single Bond® 2: DW (90%); CO10%Y (77.5%); CO10%X (77.5%); CHX 2% (75%). d. Carious dentin with Adper Single Bond® 2: CHX 2% (80%); CO10%Y (77.5%); CO10%X (77.5%); DW (70%).
Discussion
The current investigation has demonstrated that CO emulsion used as a dentin cleaning substance reduces marginal microleakage at the composite/ tooth interface, compared with other substances; consequently, the first null hypothesis was rejected. Moreover, CO emulsion interfered positively in the microtensile adhesive strength of the carious dentin group treated with the Adper Single Bond® system; consequently, the second null hypothesis was rejected.
Class V cavity was the cavity preparation of choice for this study due to higher deflection dependent on its composition. Class V restorations are subject not only to masticatory forces, but also to small occlusal maladjustments or interferences often present and non-diagnosed, 17 justifying why the microleakage test was performed on the Class V cavities.
Adhesion of polymer-based materials to dentin still poses a challenge, since dentin has a complex, predominantly tubular and moist substrate. Use of agents with biological properties, mainly antiproteolytic, can be recommended for dentinal cavities as an alternative to reduce these effects. 3 Since collagen hydrolyzes under proteolytic action, a failure in the operative steps may compromise the hybrid layer quality, adversely interfering in the adhesive capability and bond strength of the restorative material to the dentin substrate. 7 The disadvantage of most composites is polymerization-related contraction. This contraction may result in the formation of spaces between the tooth and the restorative material, leading to microleakage and consequent infiltration of bacteria, fluids and ions. Dentin microleakage is one of the main causes of restorative failure, preceded by marginal discoloration, postoperative sensitivity, recurrent caries, pulpal alterations and necrosis. 6, 18, 19 Moreover, a smear layer is formed during cavity preparation, consisting of saliva, blood, bacteria and residual oils from rotating instruments. These residues can impair marginal adaptation and sealing, compromising restorative dental success. 5, 11 In this study, dentin cavities treated with emulsions based on CO10%X presented lower marginal infiltration than CHX2%, which is considered the gold standard, because of its substantivity, and its bacteriostatic and bactericidal properties. It should be pointed out that the CO emulsions had a positive effect on marginal adaptation and dentin bond strength, in that CO10%X showed the lowest infiltration rate, especially in the cervical dentin, a result considered as satisfactory. Saffarour et al. 9 observed smaller marginal infiltration in cavities treated with CHX2% after acid etching by the same Adper Single Bond® system. According to Mooney, 20 marginal infiltration is more pronounced in cervical margins without enamel. Copaiba oil emulsion, as a dentin biomodifier, has antibacterial activity and MMP-inhibiting properties, and may contribute to maintaining hybrid layer stability. This may be attributed to its action of preventing enzymatic hydrolysis of collagen due to its oily nature similar to that of mineral oil. 3 This may have contributed to its positive effect on marginal adaptation. In regard to the microtensile test, carious dentin was induced to evaluate the effect of the dentin cleaning substance at the composite/adhesive interface on different dentin substrates after cavity preparation. The bond strength was higher (27.7 ± 8.8 MPa) when using CO10%X on healthy dentin, together with the Adper Single Bond® 2 adhesive system, corroborated by Pupo et al. 21 , who observed a strength of 30.1 ± 9.1 MPa, using the same adhesive system. Resistance to the microtensile test performed on the Adper Single Bond® 2 adhesive system, with previous acid conditioning, was superior in all of the groups studied, both in healthy and carious dentin, as corroborated by Cecchin et al. 22 Evaluating conventional and self-etching adhesive systems, Karaarslan et al. 23 24 , who found the bond strength on carious teeth to be 22.4 MPa, using the same system.
On the other hand, both healthy and carious dentin with the Clearfil SE Bond adhesive system presented the lowest bond strength values for all dentin cleaning substances. The penetrating power of the self-etch adhesive system (Clearfil SE Bond) in the dentinal tubules and in the intertubular dentin was lower than that of the etch-and-rinse adhesive (Adper Single Bond). This may explain the reduction in adhesive strength, 3 and the difference in results between the adhesive systems presented in our study.
Fracture mode comparisons showed that CO10%X presented better results for adhesive fracture in healthy dentin (100%), whereas CO10%Y was similar to DW, followed by CHX2%. These results were corroborated by Ribeiro et al. 25 in relation to the fracture type pattern. According to this author, the fracture pattern is more important than the nominal value of the adhesive strength. In this research, there was a predominance of adhesive and non-cohesive fractures, characterizing poor stress distribution at the adhesive interface. Pupo et al. 21 revealed a predominance of adhesive fractures in relation to cohesive fractures, corroborating the results of the present study. Therefore, the microtensile test seems to be the best choice, because it distributes the tension in the adhesive interface in a more balanced manner, thus reducing the number of cohesive fractures in the substrate.
The emulsions also had good adhesive strength, considering that the conventional system used with healthy and carious dentin in the present study showed better results than that of other studies in the literature 21, 23, 26 .
According to Carrilho et al. 27 , the discovery that CHX2% has not only antimicrobial but also antiproteolytic properties that act on MMPs has encouraged research on the subject. Conclusions infer that CHX2% could stabilize the organic matrix of the cavity, thus contributing to the longevity of the adhesive restoration. In addition to its healing and antiproteolytic properties, CO is a phytotherapeutic substance that has antibacterial, antineoplastic and anti-inflammatory properties. 2, 28 Test results have shown that it is very similar to, if not better than, CHX2%. Bandeira et al. 3 performed a study analyzing the morphological characteristics of the dentin and smear layer using Adper Single Bond® and Clearfil SE Bond adhesive systems in healthy and caries-affected dentin after using CO10% emulsions. They observed that the dentin surface treated with CO emulsion presented no physical barriers to adhesive penetration, unlike the dentin surface treated with CHX2%, in which case, phosphate salts were found in both dentin types (carious and non-carious).
Therefore, the findings indicate that the CO emulsion offers promising results as an alternative to improve the quality of the hybrid layer, and to leave it homogeneous, regular and with a large number of resin tags, when used with conventional and selfetching adhesives. 7 A limitation of this analysis was the lack of scientific evidence in the literature on the clinical use of copaiba-based emulsions, making comparison with other studies difficult. However, considering that the biological properties of CO emulsion evidenced so far have an advantage over CHX, it is believed that these emulsions can contribute positively to better adhesion of restorative materials to the dental structure. Further randomized control trials are required.
Conclusion
Based on the results, CO emulsion, as a dentin biomodifier, interfered positively in microleakage and improved the adhesive strength after acid etching with the Adper Single Bond® adhesive system, or before applying the Clearfil SE Bond® self-etching system. In addition, since the adhesive fracture was the most prevalent, the CO emulsion also promoted adhesive strength when used with the conventional system in both healthy and carious dentin.
